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A study was conducted to evaluate the influence of natural exogenous antigen stimulation on the development of lymph follicles in the peripheral lymphoid organs of the rat. The number of lymph follicles and germinal centers per Popliteal node as well as the morphological features of popliteal nodes, mesenteric nodes and Peyer's patches were compared between 8-week-old male Sprague-Dawley rats reared in germ-free, specific pathogen-free (SPF) and conventional environments. In mesenteric nodes and Peyer's patches from conventional and SPF rats, almost every follicle contained a germinal center. In the mesenteric nodes from germ-free rats, only 9 of 195 lymph follicles examined contained a germinal center, but interestingly, in Peyer's patches all the lymph follicles examined showed a fairly well developed germinal center. The popliteal nodes from germ-free rats had no germinal centers and each node contained about 80 lymph follicles. In six conventional rats and two of five SPF rats used, the number of lymph follicles per popliteal node usually ranged from 100 to 130, and some lymph follicles contained a germinal center. However, in the other three SPF rats the popliteal node on both sides showed no germinal center, and each contained almost the same number of lymph follicles as the popliteal nodes of other SPF and conventional rats. The present results are consistent with the view that even in the absence of exogenous antigen stimulation, a regional lymph node of the germ-free rat develops a substantial number of primary lymph follicles by way of a non-immunological cellular activity, and that natural exogenous antigens may influence the development of lymph follicles by stimulating the cellular activity rather than evoking the humoral immune responses. lymph follicle ; germinal center ; lymph node ; Peyer's patch ; germ-free rat Although it is well established that the germinal center is an antigen-dependent structure which develops within a primary lymph follicle in association with antibody response, the formation of lymph follicle is not yet clearly understood. In previous studies (Hoshi et al. 1986 Hone and Hoshi 1989) , we showed that when subcutaneously administered, particulate or high-molecular weight antigens and mitogens efficiently produce new lymph follicles outside pre-existing follicles in the draining lymph node, resulting in an increase in the number of lymph follicles per node ; this phenomenon is usually accompanied by germinal center development within pre-existing and newly formed follicles and plasmacytosis in the medulla, but in some cases occurs without these features. Soluble, poorly phagocytized antigens and mitogens were found to be inefficient in producing new lymph follicles, even though inducing germinal center development within pre-existing primary follicles and plasmacytosis in the medulla. It was suggested that the lymph follicle formation has no direct association with antibody responses but requires activation of macrophages and lymphocytes.
It has been shown that in germ-free rats, regional lymph nodes, such as popliteal nodes, are underdeveloped, eventually becoming deficient with exogenous antigen stimulation, but exhibit in the peripheral cortex small lymph follicles which seldom or rarely contain germinal centers (Thorbecke and Benacerraf 1959; Gordon and Wostmann 1960; Pollard 1967; Belisle et al. 1982 ). The question arises as to what extent the germ-free state affects the development of lymph follicles in a regional lymph node. This point is of particular interest, because it might give information on the influence of natural exogenous antigen stimulation upon the development of lymph follicles. In this study, a comparison was made of the histological features and the number of lymph follicles in the popliteal node between germ-free, specific pathogen-free (SPF) and conventional rats. In addition, the morphology of mesenteric lymph nodes and Peyer's patches in these three types of rat was examined in some detail, because the lymphoid tissues associated with the alimentary tract are known to be those most highly stimulated by exogenous antigen, and therefore, might be especiallly affected in the germ-free or pathogen-free state. Surprisingly enough, there have been few observations that describe the morphology of Peyer's patches of germ-free rats.
MATERIALS AND METHODS
Germ-free, male Sprague-Dawley rats, aged 6 weeks, were obtained from Clea Japan, Tokyo.
On arrival, the rats were transferred to a peracetic acid-sterilized, flexible plastic isolator and maintained for 2 weeks using standard germ-free techniques.
Cultures for bacterial contaminants on the isolator, water, food and/or feces were made in fluid thioglycollate broth, cooked meat phytone broth and potato dextrose agar on the days when the animals were transferred to the isolator and when they were removed from it for sacrifice, and the results were negative.
SPF male rats of the SD strain, aged 6 weeks, were also obtained from Clea Japan, and maintained for 2 weeks under pathogen free conditions.
The conventional rats used were 8-week-old male SD rats : they had originally been SPF, but were subsequently raised and maintained in a conventional environment.
The animals employed were from the third and fourth generations of first conventionalized breeder pairs.
All animals of the three categories were chloroformed at 8 weeks of age, and the popliteal lymph nodes on both sides, mesenteric nodes and two portions of the small intestine containing Peyer's patches were removed from each animal. The specimens were fixed in Zenker-formol solution for 5 hr, dehydrated and embedded in JB-4 resin. Some materials were fixed in 10% buffered formalin for one or two days. All specimens were then sectioned serially at a thickness of 3 ,u m. One out of every five sections of Peyer's patches was mounted, whereas one out of every two sections of the nodes fixed with Zenker-formol was mounted. The sections were stained with May-Grunwald and Giemsa solutions. Two series of semi-serial sections were prepared from formalin-fixed materials. One series received May-Grunwald and Giemsa staining while the other was impregnated with silver according to a modification of Bielschowsky's technique. Semi-serial sections of mesenteric nodes and Peyer's patches were examined by light microscopy for the presence of lymph follicles and germinal centers. Each component encountered in a section was identified by a reference number and was followed threedimensionally in the subsequent sections. Examination of serial sections of the popliteal nodes was carried out in a similar way in order to determine the number of lymph follicles and germinal centers present in each popliteal node.
RESULTS
The number of rats of each category used in this study, their mean body weights, and mean weights of examined popliteal nodes are listed in Table 1 .
In 
Mesenteric lymph nodes
The mesenteric lymph nodes, or superior mesenteric lymph nodes, form a chain of several lymph nodes which extends across the base of the mesentery. In conventional rats, the nodes were considerably large and tended to fuse with each other, whereas in SPF and germ-free rats, they were smaller, and clearly separated from each other.
The mesenteric nodes from conventional rats showed a relatively thick peripheral cortex comprising numerous lymph follicles with prominent germinal centers ( Figs. 1 and 2 ). Using serial sections of ten lymph nodes obtained from five animals, 165 lymph follicles were examined for the presence of germinal centers within them, and all except one were found to contain geminal centers (Table 2 ). The deep cortex was well developed, and in many nodes it formed a band under the peripheral cortex. Frequent plasma cells were present in the medullary cords. The mesenteric nodes from SPF rats varied in size among individual animals. In smaller nodes, the deep cortex was divided into several small units, whereas in larger nodes, the deep cortical units were larger and sometimes fused with each other to form unit complexes (Belisle and Sainte-Marie 1981a, b). Many lymph follicles in the peripheral cortex contained germinal centers, but the germinal centers were smaller and appeared less active than those observed in the mesenteric nodes of conventional rats. Two hundred lymph follicles were examined using eight lymph nodes from four animals, and 164 follicles were found to contain germinal centers (Table 2) . A small number of plasma cells were seen in the medullary cords.
In the mesenteric nodes from germ-free rats, most lymph follicles took the form of primary follicles without germinal centers. Of 195 lymph follicles examined using eight lymph nodes from five animals, only nine follicles contained germinal centers (Figs. 3 and 4 , Table 2 ). The deep cortex was divided into small units. Plasma cells were sporadic in number in the medullary cords.
Peyer's patches
Peyer's patches from conventional rats exhibited large lymph follicles, each containing a prominent germinal center (Fig. 5, Table 2 ). Although there was some variation in their size, lymph follicles generally ranged from 0.7 mm to 1.1 mm in thickness. The interfollicular zone was well populated with small lymphocytes.
In SPF rats also, all lymph follicles in Peyer's patches contained prominent germinal centers, but the follicles were somewhat smaller, usually ranging from 0.6 to 0.8 mm in thickness (Fig. 6 , Table 2 ). In Peyer's patches from germ-free rats, all the lymph follicles examined contained well developed germinal centers (Figs. 7 and 8, Table 2 ), the thickness of the follicles ranging from 0.6 to 0.8 mm. The interfollicular zone was less numerously populated with small lymphocytes than in the conventional and SPF rats.
Popliteal lymph nodes
The popliteal nodes from conventional rats each weighed about 10 mg ( Table  1 ). The peripheral cortex was rather thin and exhibited lymph follicles, many of which took the form of primary follicles without germinal centers (Fig. 9) . Although the total number of lymph follicles varied from node to node, between 100 and 130 lymph follicles per node were generally recognized, and about 30% of the follicles contained germinal centers (Fig. 10, Table 3 ). The deep cortex consisted of 3-5 deep cortical units. Plasma cells were not infrequent in the medullary cords.
The size and morphology of the popliteal nodes from SPF rats did not differ markedly from those of conventional rats : the weight of each node was about 10 mg, the number of lymph follicles per node was about 120 (Fig. 11, Table 3 ), and the deep cortex was made up of 3-5 units. Unlike the nodes in conventional rats, the lymph follicles had developed only a few germinal centers. In three of five SPF rats examined, no germinal centers were recognized in the popliteal nodes on both sides. In the remaining two animals, the popliteal nodes had 3-20 germinal centers. Plasma cells were infrequent in the medullary region.
In germ-free rats, the popliteal nodes were smaller, weighing about 6 mg (Table 1) . Each node exhibited 70-80 lymph follicles in the peripheral cortex, corresponding to 70% of the total follicle number in the popliteal node of conventional rats (Table 3 ). There were no lymph follicles containing germinal centers (Figs. 12, 13 and 14) . The deep cortex constituted 4 or 5 units. Plasma cells were scarcely observed in the medullary cords.
DISCUSSION
The mesenteric nodes and Peyer's patches from conventional rats were very well developed and their morphological features were quite consistent with those in previous reports on normal rats (Yoffey and Courtice 1970) . In SPF rats, Peyer's patches were well developed, but the mesenteric nodes appeared to be less stimulated by exogenous antigens in comparison with conventional animals ; the majority of follicles contained germinal centers, whereas some follicles lacked them, and plasma cells were not frequent in the medulla. The histology of lymph nodes in germ-free rats has been reported previously by several authors (Thorbecke and Benacerraf 1959 ; Pollard 1967 ; Miller et al. 1968 ; Belisle and Sainte-Marie 1982). But little mention has been made of Peyer's patches in this category of rat. The present observations of mesenteric nodes from germ-free rats were in agreement with previous reports : the nodes were small and their lymph follicles were mostly in the form of primary follicles, only occasional follicles containing a small germinal center ; only a few plasma cells were present in the medulla. In the absence of viable microflora, the diet is a major source of antigen stimulation for germ-free animals. Since the morphology of the mesenteric nodes suggested that germ-free rats receive little antigenic stimulation via the intestinal epithelium, we assumed that Peyer's patches would show poor development of germinal centers in the germ-free state. Unexpectedly, however, the lymph follicles of Peyer's patches were considerably large and all the follicles examined contained a fairly well developed germinal center. It has been demonstrated that the intestinal epithelium covering the lymph follicles of Peyer's patches contains specialized cells, termed M cells, which actively transport antigenic material from the intestinal lumen into the underlying lymphoid tissue (Owen and Jones 1974 ; Owen, 1977 Owen, , 1983 . Presumably, in germ-free rats also, M cells contained in the follicle-associated epithelium may collect antigenic materials such as food constituents, dead bacteria or viruses from the lumen and transfer them continuously into the underlying lymph follicles, thereby stimulating the formation of a well developed germinal center within each follicle. Antigenic materials serving to cause the germinal center development in the Peyer's patches may be for the most part filtered out by the lymphoid tissues and only a minimal part may reach the mesenteric lymph nodes so as to stimulate the formation of occasional germinal centers in the nodes. The present study is the first that clearly demonstrates frequent occurrence of germinal centers in Peyer's patches of germ-free rats. It has been reported that in germ-free mice, germinal centers are not unfrequently observable in the lymph node (Pollard 1967) , but that it is unusual to observe germinal centers in the Peyer's patches (Pollard and Sharon 1970) . Our observations showed that germinal centers are more frequent in occurrence in the mesenteric and popliteal nodes of 8-week-old germ-free mice of ICR strain as compared with the case in germ-free rats, and interestingly, in Peyer's patches of these germ-free mice, almost all the lymph follicles examined contained germinal centers, although they were small in size (the manuscript in preparation). The discrepancy between the previous observations by other authors and ours may be attributed to the difference of animal species and strain examined, and/or of the components of the sterile diet used to feed germ-free animals.
Regional lymph nodes of germ-free rats are thought to receive negligible or no exogenous antigen stimulation.
Indeed, the popliteal nodes from germfree rats showed no germinal centers and seldom contained plasma cells. Nonetheless, each popliteal node contained about 80 follicles on average in the peripheral cortex, the number being substantially large and corresponding to two thirds that in the popliteal node of SPF and conventional rats. These follicles may have developed mostly by way of a non-immunological mechanism. Our previous observations on the induction of lymph follicles with antigenic and mitogenic substances suggested that lymph follicle formation is triggered by substaces which stimulate either T or B lymphocytes, with concomitant activation of macrophages (Hoshi et al. 1986; Hone and Hoshi 1989) . It is likely that interaction of macrophages and lymphocytes may play an important role in the development of lymph follicles in the germ-free state.
The mean number of lymph follicles per popliteal node in conventional and SPF rats was 30-40 more than in germ-free rats. In all conventional rats and in two of five SPF animals used in this study, we observed some germinal centers and plasma cells in popliteal nodes, indicating that a low level of humoral immune response against exogenous antigens had been taking place in the nodes. Meanwhile, in other three SPF rats, the bilateral popliteal nodes showed no germinal centers and only rare plasma cells, but exhibited almost the same number of lymph follicles as the nodes of other SPF and conventional rats. These findings suggest that the humoral response occurring in conventional and some SPF mice have no direct association with the formation of lymph follicles in these types of mice. Activation of some kind of cellular response, probably activation of macrophages and lymphocyte by exogenous antigens, seems likely to be related to the development of a greater number of lymph follicles in the popliteal node of SPF and conventional rats.
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Fig Fig   Fig   Fig   Fig   Fig   . 9 Silver-impregnated section obtained from the same material as in Fig. 13 . Two lymph follicles containing sparse argyrophil fibers are seen. x 70.
